Background-Food cravings are more prevalent and potentially problematic for many individuals with obesity. Initial evidence suggests that bariatric surgery has some short-term beneficial effects on cravings in adults, but little is known about the effect on adolescents or the trajectory beyond 6 months.
Food craving is commonly defined as the subjective experience of an intense desire to consume food categorized in 3 naturally occurring food classes (e.g., carbohydrates, sweets, and fats), and one environmentally derived category (fast-food fats) [1] . People who experience food cravings report multiple episodes each week (both using retrospective report and 5 weeks of prospective assessment), which are typically followed by eating the craved food or a similar type of food [2] [3] [4] . Self-reported food cravings are usually higher among obese individuals compared to normal weight controls [1] . Moreover, it appears that the relationship between body mass index (BMI) and cravings for high-fat foods [1] as well as fast-food fats and carbohydrates is positive and linear [5] . Behavioral weight loss programs have demonstrated that restricting food intake produces changes in craved foods with low (i.e., 1000-1200 kcal/d) and very low calorie diets (i.e., 400 kcal/d), yielding reductions that generalize to all types of craved foods [6] [7] [8] .
Initial evidence suggests that bariatric surgery for weight loss also has some short-term effects on sweet cravings in adult samples [9] [10] [11] . However, methodological problems including limited assessment of the type of foods craved and use of novel instruments make it difficult to extrapolate the findings [11] . In the most rigorous prospective study to date, a bariatric sample of adults demonstrated significant elevations in food cravings presurgically relative to normal weight controls; postsurgically the bariatric surgery group demonstrated significant and sustained reductions in total food cravings at 3 and 6 months postoperatively. However, no changes were noted in the levels of high-fat cravings. Moreover, a return to presurgical levels was noted in the carbohydrates scale at 6 months, and an upward trend (toward initial baseline values) was apparent in the sweet cravings scale. This raises questions regarding the stability of food cravings following bariatric surgery suggesting that changes are nonlinear with a pattern of initial decrease followed by rebound in cravings. Moreover, the best available data is limited to 6 months postsurgically [11] . Finally, the current literature is limited to adult populations.
The aims of the current pilot study were to ascertain for the first time the effect of Roux-en-Y gastric bypass (RYGB) on food cravings in adolescent (ages [13] [14] [15] [16] [17] patients. The assessment of food cravings at multiple postoperative time points across the first 24 months extends knowledge beyond that of the limited adult literature (e.g., 6 months) [11] and allows exploration of how food cravings may change as a function of BMI in adolescents [12, 13] . Based on the limited adult literature, as well as nonlinear trends of both anthropometric and psychosocial variables in bariatric populations [12, 13] , it was hypothesized that food cravings would demonstrate a negative nonlinear trend.
Methods

Participants and procedures
Data presented in this manuscript were collected as part of a prospective observational examination of psychosocial outcomes for adolescents undergoing RYGB conducted within a bariatric surgery program for adolescents at a single pediatric tertiary care hospital [12, 14] . Data were collected preoperatively (baseline) and at 3-month, 6-month, 12-month, 18-month, and 24-month postoperative intervals. The local institutional review board approved the protocol described below.
Participants
Eligibility for the present study required participants to have previously met criteria (e.g., BMI ≥40 kg/m 2 ) for program enrollment based on published adolescent guidelines [15] , as well as obtain insurance approval for bariatric surgery. Additional inclusion criteria were: 14-17 years of age at the time of surgery and having no developmental disabilities due to the high reading demands of the research protocol. During the study enrollment period, 16 consecutive eligible patients were approached, and all gave written informed parental consent and adolescent assent to participate.
Study retention was high with data obtained at all 5 follow-up time points for 75% of the sample and at 4 time points for 94%. Data collection was completed for 88% of the sample (n = 14) at the 24-month interval. Data collection occurred using several different methods to reduce participant burden and maximize retention. Height and weight were assessed, and self-report measures were administered at scheduled clinical visits when possible. If participants were unable to attend in-person, self-reported height and weight were obtained, and questionnaires were administered by trained study staff in-home, by telephone, or by regular mail at 18-month (47% mail; 7% in-home) and 24-month (7% mail; 36% in-home) time points. Participants were compensated for their involvement.
Measures
Demographic characteristics and BMI at baseline-Participants were primarily girls (62.5%), nonHispanic Caucasian (87.5%), and from a wide geographic area (7 states). The mean age for participants was 16.2 ± 1.4 years. The mean BMI for the sample was M = 59.91 ± 8.71 kg/m 2 at baseline. Half of the participants' mothers were married (n = 8), while 43.8% were divorced or separated (n = 7) and one mother was single (6.3%). All families had at least one other child living in the home (M = 2.13 ± 1.03 children). The majority of families were living on $30,000 or less per year (n = 9).
Food cravings-Food cravings were assessed using the Food Craving Inventory (FCI) [1] . The FCI is a 28-item instrument that asks the respondent to rate how often over the past month he or she has experienced a craving for a particular food. Respondents answer using a 0-4 scale with the following anchors: 0 = Never, 1 = Rarely (once or twice), 2 = Sometimes, 3 = Often, 4 = Always/Almost Every Day. Therefore, higher scores indicate greater food cravings. The FCI provides a total score (mean of the 28 items) and 4 subscale scores including cravings for sweets (e.g., ice cream), high-fat foods (e.g., fried chicken), fast food (e.g., hamburger), and carbohydrates (e.g., rolls). The scale has demonstrated good psychometric properties in college student populations (mean age 20.30 ± 2.98) with good internal consistency estimates (α = .76-0.93) and test-retest reliability ranging from .79 to 0.91 [1] .
Statistical analysis
Hierarchical linear modeling using Mplus version 6.12 (Los Angeles, CA) [16] was used to estimate the average growth trajectory of food cravings over time. Complete data were available for 75% of the sample, however, Mplus allows for the use of full information maximum likelihood estimation, which handles missing data by estimating a complete covariance matrix and retaining all participants with any data points in the analysis. In growth curve analysis, significant power gains are available to models using 4 or more points of data. Even with these power gains, however, only large effect sizes will be detectable with a sample of n = 16 patients [17] .
As stated above, a nonlinear trend was hypothesized over time based on the established nonlinear trend of both BMI, hedonic hunger, and some components of food cravings in bariatric populations [11] [12] [13] . We used a transformation of the time variable itself (log[month + .5]) as a single nonlinear function of time [(L)time]. A log transformation produces a curve similar to the quadratic polynomial for monotonic curves [18] . Each response variable was analyzed using a 3-step procedure: (1) a fixed-effect model was estimated first, where response variable changes over (L) time are not allowed to vary across participants followed by (2) a random-effect model that tested for the presence of significant variation across participants in response variable changes over (L)time, and (3) BMI was added as a covariate to assess the effect of changes in anthropometric values on food cravings.
Results
Frequency of food craving
To characterize the severity of food cravings in the current sample, we examined frequency data at baseline. In terms of total food cravings, adolescents used approximately the midpoint of the 0-4 scale (mode = 2) which corresponds to a response of "sometimes" craving the foods assessed by the FCI. Of the subscales contributing to the total score, the largest elevation was seen in the fast-food scale with these types of cravings occurring "often." The remainder of the subscales were qualitatively in the "sometimes" range ( Table  1) .
Results of the food cravings models revealed significant (P < .05) negative nonlinear effects over (L)time, and medium to large r 2 effect sizes, for the FCI total score (β = −.20, r 2 = .33; Fig. 1 ), fat (β = −.16, r 2 = .18), carbohydrate (β = −.19, r 2 = .27), sweet (β = −.23, r 2 = . 29), and fast food (β = −.17, r 2 = .12) scales. Specifically, the effects were negative indicating the largest effect on food cravings occurred in the first 6 months followed by minimal decreases at 24 months. Food cravings did not vary as a function of changes in BMI (P = .09).
Discussion
The present study examined the effect of RYGB on food cravings in adolescents. Consistent with the study hypothesis, the data from this sample indicate that food cravings follow a nonlinear trend. Specifically, there were steep decreases in the first 6 months and a slowed rate of decline out to 24 months. Our findings diverge from initial short-term (i.e., 6-month) outcome data in adults [11] , as there was no recurrence of food cravings for the adolescent patient group as a function of time. However, as can be seen from the individual plots (Fig.  1) , there are several patterns of variability within the data that may indicate heterogeneity in the food-craving response to RYGB. These preliminary data provide cause for cautious optimism that RYGB can positively affect food cravings in adolescents with severe obesity. Nonetheless, replication of these findings with a considerably larger sample is imperative.
Several possible explanations for these changes in food cravings following RYGB are offered. Most obvious, due to the restrictive nature of the surgery (small gastric pouch) and subsequent complications (e.g., the dumping syndrome), RYGB recipients would be unable to eat the desired levels of craved foods as they had before surgery due to the newly restricted stomach size. This is analogous to a low or very low calorie diet, which has been demonstrated to decrease food cravings in adults [6, 7] . Indeed, one study by Martin et al. [7] demonstrated a similar curve in food cravings using behavioral dietary restriction. Participants on a very low calorie diet demonstrated a similar nonlinear curve in carbohydrate cravings with decreases through the 6-week assessment window followed by a slowed rate of change out to 24 months. In the present study, a similar pattern emerged with steep changes through 6 months and a decelerated rate of change through 24 months. Moreover, Martin et al. [7] noted that cravings were not associated with BMI, a finding that is mirrored in the present study. This suggests that future studies may be needed to determine whether it is calorie restriction or the RYGB procedure that yields the change in cravings.
Moreover, preference for high-sugar, high-carbohydrate foods is often reduced immediately after surgery because the body typically can no longer tolerate these foods. For example, as noted by Leahey et al., reduced cravings postsurgically may be the result of the dumping syndrome, which is characterized by nausea, etc. after consuming foods high in sugar, which could make these foods more aversive and therefore avoided. However, in the present study, the frequency of the dumping syndrome and other gastrointestinal-related events were not assessed but could be a logical contributor to reduced food cravings in the early postoperative period and represent an important avenue for future investigation. Indeed, this seems a reasonable hypothesis given that even mild nausea is sufficient to reduce intake of highly palatable foods in animal models [19] .
While there is reason to believe that the mechanical effects of surgery may lead to changes in food cravings, it is also possible that physiology (specifically anorexic peptides) plays a role. Changes in glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) do appear to be tied to hedonic hunger following RYGB [20] [21] [22] , with one study providing some evidence that RYGB, indeed modifies hedonic hunger and dietary intake [23] . Moreover, multiple studies point to the fact that surgery type (banding or RYGB) produce differntial changes in dietary patterns [24] , and peptide levels, and hedonic hunger [21] [22] [23] . It may be that changes in GLP-1, PYY or other peptides also precede and predict the changes in food cravings. Similar to our speculation regarding the mechanical precursors, we did not collect data on changes in physiology, but such an investigation will be important for moving this area forward.
There are a number of limitations in the current data. First, while the sample was large enough to detect important statistical trends, 16 participants may be too small to draw definitive inferences about the total population of adolescents who receive bariatric surgery. Recent work in adult patients has revealed that guilt related to food cravings may serve as an important mediator of weight-related outcome [25] . Therefore, it may be the presence of food cravings in combination with the individual's interpretation of the cravings that lead to problems with weight regain. The present study lacks a comparison condition. Therefore, observation, maturation, and repeated assessment all pose a risk as potential confounders. Finally, the present study did not assess dietary intake, which is an important downstream correlate of food cravings. Future studies should assess both craving and eating related to cravings in adolescent samples. Another direction for future work will be to specifically target those individuals for whom cravings do not decline as a function of time. These individuals may be in more need of therapeutic interventions targeting eating behavior.
In conclusion, it appears that RYGB decreases food cravings relative to their baseline levels in adolescent patients. It is important to note, however, that the effect is nonlinear, and descriptive data in Table 1 reveal steep reductions in the first 6 months postoperatively and minimal decreases in the following 18 months. One of the significant strengths of the current data is that it is possible to observe the rate of change over a 2-year study window, suggesting stability in the trend. The possible differential effects of RYGB on cravings across types of subjective drives (i.e., hedonic hunger versus cravings) and populations (adult versus adolescent samples) suggest that this should be a fertile area for additional research inquiry. Individual food cravings scores (circles), the individual regression lines (straight lines), and the overall non-linear effect of time on total food cravings for the sample (thick black dashed line). Note: Frequency of food cravings measured at baseline, 3 months, 6 months, 12 months, 18 months, and 24 months postoperatively.
